Abstract This retrospective study aimed to address whether or to what extent spatial and non-spatial factors with a focus on a healthcare delivery system would influence successful tuberculosis (TB) treatment outcomes in Urmia, Iran. In this crosssectional study, data of 452 new TB cases were extracted from Urmia TB Management Center during a 5-year period. Using the Geographical Information System (GIS), health centers and study subjectsÕ locations were geocoded on digital maps. To identify the statistically significant geographical clusters, Average Nearest Neighbor (ANN) index was used. Logistic regression analysis was employed to determine the association of spatial and non-spatial variables on the occurrence http://dx
Introduction
Globally, multidrug-resistant tuberculosis (MDR-TB), mainly because of prior failed or default treatment outcomes, is a serious problem in the fight against TB disease [1] [2] [3] [4] . According to the World Health Organization (WHO) report in 2013, annually on average, 3.6% of new TB patients were diagnosed with MDR-TB and at least half a million people were diagnosed with MDR-TB worldwide, of whom the majority live in low-to middle-income countries (LMICs) [5] . As a major challenge to the control of MDR-TB, Directly Observed TreatmentShort Course (DOTS) was recommended by WHO to overcome failed and default treatment outcomes [6] . Nevertheless, in almost all LMICs that adopted the DOTS project, MDR-TB followed by high rates of adverse treatment outcomes is a common issue [7, 8] .
In spite of the evidence indicating the contribution of non-spatial characteristics, including age, gender, low education achievement, domicile and social class to determine the outcome of TB treatment [9, 10] , the spatial factor in terms of physical accessibility to a healthcare center during the drug treatment course has been less considered. Moreover, reasons for failed or default treatment outcome are multifaceted and involve a combination of spatial and non-spatial factors, along with how health policy was formulated to deliver healthcare services [11] [12] [13] [14] .
Iran as a middle-income country, located in the Eastern Mediterranean region with an average incidence rate of TB (all TB forms 0-24 per 100,000 population), has experienced increased incidence rates of TB drug resistance during recent years [15] . One step in order to determine the distribution of TB cases is visualizing the statistics by employing the application of the Geographical Information System (GIS) in the public health discipline; however, this was hardly considered an option in Iran, and its usage is limited [16] . Accordingly, there are a few studies on spatial patterns of TB and their related treatment outcomes that have focused on non-spatial factors. These studies have shown a link between ethnicity, previous unsuccessful treatment, age and sex with anti-TB drug resistance [15, 17] ; however, information on the effect of spatial and non-spatial determinants on TB treatment outcomes is scarce. Therefore, this retrospective study aimed to address whether or to what extent spatial and non-spatial factors with a focus on a healthcare delivery system would affect successful TB treatment outcomes in Urmia, Iran.
Methods

Study area and population
This cross-sectional study was conducted in Urmia, the capital of West Azerbaijan Province (WAP), which is located along the border of Turkey and the Lake of Urmia that extends to the East. The Urmia landmass is 5,125 square kilometers (km 2 ), with a density of 85.2 inhabitants per km 2 . According to the 2006 census in Iran, the Urmia population was 875,000 (30% of total WAP population), with 69% urban residents and a male to female ratio of 51% [18] . According to the Human Development Index (HDI), the WAP is one of the most deprived regions in Iran [19] . The Urmia population is served by 18 urban and 33 rural health centers (on average, given that urban and rural health centers serve 48,000-60,000 and 6,000-8,000 inhabitants, respectively). The municipality includes four districts ( Fig. 1) , of which the district with the higher socioeconomic status is located in the central area (district number of 4), while others with lower socioeconomic status are concentrated in the northwest and northeast regions (district numbers 2 and 3). The population density per km 2 for district numbers 1 and 4 and also 2 and 3 is homogenous across Urmia city, respectively [20] .
Health care utilization among TB patients
According to the health service delivery system in Iran, the supervision and implementation of the DOTS project, as well as the follow-up of drug treatment adherence, is free of charge and health workers are referred to the closest healthcare center with respect to the TB patientÔs residence. 
Data source and data collection procedure
GIS mapping
Digital maps of Urmia were provided by the GIS department of the WAP GovernorÕs Office. In the first step, the urban setting using ARC MAP 9.3 software, health centers, health posts and study subjectsÕ locations across catchment areas were geocoded. The process of geo-referencing was carried out for 401 of the TB cases (83%). From the 51 cases that were not geocoded, 35 of them were in prison and 16 patients had received TB drugs from TBMC directly. However, given that the TB diagnosis and treatment services are provided instantaneously in prisons in Iran, modeling of accessibility in terms of geographical distance from the health center was impossible.
In the second step, catchment areas for each health center which were derived from the TBMC were plotted on mapping files. For better visualization, the maps have been categorized by 1 km distances from health centers across the given catchment area. Each of the health catchment areas envelops the distribution of TB patients as satellites around healthcare centers where TB treatment is delivered as well. All of the health centers were under the direct supervision of the TBMC, and TB treatment services were provided by each one of them actively where patients lived across its related health center catchment area.
In the third step, in order to measure the distance from a patientÕs home to the health center, ''Minimum Euclidean distance,'' which represented the straight line, was employed. Since primary healthcare services including the TB treatment program are delivered actively by community health workers (called Behvarz) in rural areas, on average, the patientÕs distance from a given rural healthcare center was defined as 100 m.
In the fourth step, the number of adverse outcomes as defaulted or interrupted cases was demonstrated for each catchment area separately (Fig. 3) .
Data analysis
The tool box of the Arc Map software version 9.3 was used for spatial analysis. The Average Nearest Neighbor (ANN) index was applied based on the minimum average Euclidean distances from each TB case to its nearest neighboring case to identify TB aggregations. The ANN index compares the average distance ratio of the nearest neighbor point (observed) with the average distance of expected points (as the distance between neighbors in a hypothetical random distribution). Values of the ANN index that are greater than the upper limit of the Z score indicate concentration, while values of the ANN index less than the lower limit of the Z score indicate dispersion. Distribution of TB case data was divided into two main categories based on treatment outcomes (failed or interruption versus recovery) and the association between two categories and socio-demographic determinants, including gender, age, type of TB, education attainment, job and domicile, which was tested by Odds Ratio. Finally, independent variables were entered stepwise into the logistic regression models in the order of eliminating confounding effects. The SPSS version 16.00 was used for data analysis.
Ethical permission
The ethical verification from the ethics committee of the Urmia University of Medical Sciences was obtained. Moreover, permission from the Deputy for Health Affairs managers was taken. Fig. 2 presents the spatial distribution of TB patients in urban area. Using the ANN index, it identified significant nonrandom dispersion of TB cases into context (ANN index: 0.79 Z score = À6.4766 and P value = 0.0001) with observed and expected mean distances of 230 and 292 m, respectively. Visually, three spatial clusters of TB cases were found during the study period of which most cases of TB were concentrated in impoverished and outskirts areas (district numbers 2 and 3). Table 1 presents the distribution of socio-demographic features of TB patients and categories of treatment outcomes, divided into default or interruption and recovery outcomes. Moreover, univariate analysis of socio-demographic characteristics with respect to treatment outcome by means of crude Odds Ratio (OR) is presented in the last column of Table 1 . The higher odds of TB adverse treatment outcome was found among men. Moreover, TB patientsÕ age between the two categories of treatment outcomes was similarly distributed. The proportion of default or interruption outcome was higher among patients with pulmonary TB disease, although this finding did not reach a statistically significant level. There was an association between the categories of education, occupation and treatment outcome, of which more vulnerable cases for default or interruption TB outcome belonged to the lower levels of education and self-employed occupation groups. In general, the urban residents consisted of a larger proportion of TB as well as a higher number of default and interrupted cases, but there was no significant association between domicile and outcome of TB treatment. Fig. 3 shows the distribution of TB patients, health centers and health post with catchment area. In comparison with average-weighted case distance from health center, mean distance of patients with default/interrupted outcome was higher than others, but its difference was not statistically significant (1286 ± 708 and 1079 ± 715 m, P value = 0.09). Table 2 presents the results of logistic regression analysis based on some important variables that were selected for the model after controlling the confounding effects. Accordingly, no significant differences regarding failure or interrupted outcome were observed through age groups and education strata. Compared with PTB, EPTB was associated with higher odds of adverse treatment outcome. In addition, men were more than twice significantly as odds to be among TB cases with default or interruption outcomes as women. Despite a tendency toward higher odds of adverse treatment outcomes for urban dwellers after adjusting for distance from any TB health care center, this finding did not reach a statistically significant level.
Results
Spatial clusters in urban and rural areas
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Discussion
Main findings
This is the first study with an integrated approach to highlight the effect of spatial and non-spatial determinants on TB incidence and disease control. The univariate analysis in this study showed that the non-spatial factors, including insecure jobs, low education level and sex were associated with adverse TB treatment outcome. In addition, the TB cases with failure or interruption treatment outcome did not reside further away from related health centers in the urban areas. The multivariate analysis highlighted female sex as a significant protected variable against adverse treatment outcome. Moreover, TB cases are not distributed at random, and there is a strong heterogeneity across the geographic areas of Urmia, of which the most likely clusters were detected in old, poor and on the outskirts of urban areas, namely district numbers 2 and 3. Based on the national figures of TB in Iran, women are over-represented among all age groups [21] . In contrast, findings in a previous study in WAP indicated the lower notification rates of TB among women [22] . The better treatment outcomes in women could be partially explained by: they seek timely TB diagnosis and they are more likely to continue therapy; consequently, they have a better treatment outcome. However, there are reasons to believe that the adverse treatment outcomes are more likely to occur in men in Iran [23] [24] [25] . This might be explained by socio-economic issues via poor access to health centers, of which men are more likely to fear losing insecure jobs and, consequently, tend to delay TB care-seeking [9] . Probably as a result, the higher prevalence of MDR-TB among Iranian men [15] would be explained by the above reasons. In contrast, findings from a study in Egypt showed no significant gender differences toward TB treatment outcome [26] . The reason for that might be a result of extreme job importance and its security for Iranian men.
The other important finding of this study was related to the role of poverty with respect to old, poor and the outskirts of urban areas. This is in line with most studies in which traditionally TB was recognized as a disease of the poor. The result of other studies also represented TB clusters in more deprived areas in urban settings, where living conditions are at the minimum level [27] [28] [29] [30] . It is questionable whether the socioeconomic status of TB cases at the individual level could be playing a determinant factor in the adverse treatment outcome prevalent in the urban outskirts, too [31, 32] . The lack of access due to geographical distance to a healthcare center was found to be one of the main determinants related to default or failure treatment outcome and poor health of populations as a whole in developing countries [10, 33, 34] . Nevertheless, living in poor and remote urban areas seems to have more effect on increasing the number of TB cases, as well as those with adverse treatment outcomes [34, 35] . As a result, the most likely barriers to accessing a healthcare center might be explained by poverty in terms of treatment costs and a low level of knowledge regarding free-of-charge diagnostic and therapeutic TB services in Iran. According to the Ministry of Health and Medical Education (MOHME) reports in Iran, at least 40% of people who need various types of outpatient services have delayed seeking treatment, mostly due to increased costs of medical services over the last two decades [36] . This implies that the free-of-charge diagnosis and treatment of TB should be announced, particularly in both health centers and hospital services.
However, though physical accessibility to health services influences the health outcome, the probable reasons to prove that TB patients in urban outskirts are more vulnerable to adverse treatment outcomes can be described in the way the Primary Health Care (PHC) policies are made [14] . Accordingly, some studies in LMICs like Nepal, Thailand, Uzbekistan and Senegal established a relationship between active case findings of TB and cases undergoing supervised health treatments in a facility-based institution with a lower incidence rate of failure or interruption outcomes of treatment [37] [38] [39] [40] . Hence, it is not surprising to find higher rates of failure and interruption outcomes of treatment mainly owing to passive TB case findings and following-up of treatment adherence in urban districts of Iran, while TB-related services are actively delivered by community health workers (called Behvarz) in rural areas, and its PHC network 
Strengths and limitations
This is the first study in Iran to use a holistic approach toward spatial and non-spatial determinants of TB incidence and disease control. Nevertheless, some limitations should be considered. First, spurious addresses of some patients (4 cases) were obtained based on the general family address due to implications related to the administration or utilization of DOTS; if the number is too low, it cannot affect the result of the study. The other limitation is the heterogeneity of the population density across given health center catchments. In order to overcome this problem, the administrative data that were provided by the Development Department of Urmia Deputy for health affairs were used where health catchment borders are determined based on equal population size. Even though, some health centers may be cases for population heterogeneity because of urbanization promotion and development measures. Although using the Minimum Euclidean distance might not be appropriate to calculate the distances from the patientsÕ homes to the nearest health center, as many other studies worldwide the straight-line distance from the facility was used in this study because the calculation of the actual distance from the patientsÕ homes to the nearest health center for a given catchment area was impossible in an urban setting. Finally, indicators related to health services utility, as well as healthcare-seeking behavior, might have been a subject for adverse outcome. However, it was not included within the scope of this study. This subject not only makes for an interesting topic for future investigations, but it is currently under way.
Conclusion
This study highlights the effect of spatial and nonspatial determinants of TB incidence and disease control, particularly with regard to the way the policies of health-care services are made. Accordingly, non-spatial factors in terms of low socio-economic status need for more attention by public health policy makers, and then more focus should be placed on the health delivery system, particularly in men. In addition, using the GIS/GPS application with a view to TB distribution and physical accessibility to healthcare centers is a novel method in Iran and it can be developed to reach other related public health disciplines.
